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Introduction
The purpose of this paper is to investigate the relationships between costs and user charges.
The following two questions are addressed: (i) To what extent is a higher unit cost passed on to consumers in terms of a higher user charge? (ii) Does user charge financing lead to higher or lower unit cost?
The analysis is partly motivated by the recent interest in the incentive effects of tax financing. Glaeser (1996) develops the understanding of property taxes as a disciplining device for revenue maximizing governments.
1 In a situation of regulated taxes, he shows that property taxation creates incentives for local service provision, since the services raise housing values and thereby the property tax base. Hoxby (1999) relates property tax finance to costs and efforts in schools. In her model, property taxation links school quality to school financing and helps control costs and efforts in schools. In a companion paper (Borge and Rattsø 2003) we investigate the impact of property taxes on costs, and find empirical support for the hypothesis that property taxation contributes to lower costs. Here we concentrate on the incentive effects of user charges on utility services in Norwegian local governments.
The second motivation is the Norwegian debate on user charges, which to a large extent has focused on the revenue potential and possible adverse distributional effects. However, a government commission that reviewed the financing of local governments (NOU 1997) also emphasized the impact on costs. On the one hand they argued that user charge financing may contribute to increased cost efficiency because consumers get a more direct interest to keep costs low. On the other hand, the commission worried that user charge financing may lead to a softer budget constraint for the producers since higher costs more easily can be passed on to the consumers. The issue is also raised in the present election campaign, where the national government has proposed to limit utility charges by introducing maximum prices. They explicitly argue that maximum prices may give a harder budget constraint for the producers and thereby more efficient production. In this paper we throw light on these issues by analyzing both the impact of user charges on costs and the impact of costs on user charges. 1 The broad understanding that the design of tax constitution may constrain revenue-maximizing governments was heavily emphasized by Brennan and Buchanan (1977) . Edwards and Keen (1996) and Gordon and Wilson (2000) analyze the same issue in a tax competition context.
The theoretical background is a model describing the interaction between a political authority and a service-producing bureau. The user charge is set by the politicians, and the reaction function is derived by a representative voter model. We show that the impact of user charges on costs depends on the form of strategic interaction. In a Nash game where the bureau treats the user charge as fixed, user charge financing leads to lower costs because it makes slack more costly for the bureau. In a Stackelberg game the effect is opposite: A high degree of user charge financing signals that higher costs to large extent will be passed on to consumers with little effect on the bureaus budget.
The empirical analysis is based on a large panel data set of the sewage industry in Norwegian local governments. We find that around 40% of a cost increase is passed on to consumers in terms of higher user charge. Moreover, user charge financing has a significant negative effect on the unit cost. An increase in the degree of user charge financing by 10 %-points is predicted to reduce the unit cost by 5-8%.
The rest of the paper is organized as follows. Section 2 clarifies the institutional and empirical background. The modeling of the relationships between costs and user charges is presented in Section 3. The data and the econometric model are discussed in Section 4. Section 5 presents the estimation results, while Section 6 summarizes the main findings of the paper.
Empirical and institutional background
Norwegian local governments are important providers of welfare services like kindergartens, primary and lower secondary education, primary health-care and care for the elderly. Other important tasks are culture and infrastructure. The main revenue sources are taxes (45% of current revenues), grants from the central government (33%) and user charges (16%). Interest and other revenues account for the rest.
Compared to most other countries, the Norwegian system of financing is quite centralized. In principle local governments can choose tax rates within an interval for taxes on income, wealth and property. However, since the late 1970s all local governments have used the maximum tax rates in income and wealth taxation. In the following exogenously set income and wealth taxes are denoted regulated taxes. The opportunity to influence current revenues is limited to property tax and user charges.
User charges are applied for a wide range of services, but utilities, care for the elderly and kindergartens account for most of the revenues. This paper focuses on user charges and costs for a particular utility service, discharge of sewage. The market for utilities can be characterized as a local government monopoly where it is compulsory to make use of the service. It is a principal rule that user charges can not exceed total production costs, but local governments are free to subsidize most services. The user charge for discharge of sewage consists of a connection fee and an annual fee, where the annual fee depends on the level of consumption. However, the typical pricing scheme specifies a minimum quantity to be invoiced, implying that the relationship between the annual fee and actual consumption may be weak. The analysis focuses on costs and user charges per standard user. The cost measure includes operating and capital costs, and the user charge includes connection fees and annual fees paid by both households and firms. 2 The development of unit cost and user charge during the period under study (1993) (1994) (1995) (1996) (1997) (1998) ) is displayed in Table 1 . Until 1997 average unit cost was quite stable in nominal terms, whereas the average user charge increased steadily. As a consequence, the share of costs covered (or the degree of user charge financing) increased from 80% in 1993 to 100% in 1997. From 1997 to 1998 the average unit cost increased 2 We refer the reader to Section 4 for more details about the data.
sharply (14%). The increase in the user charge was more modest (5%), and the share of costs covered dropped back to 92%.
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In addition to the time series variation shown in Table 1 , there is substantial variation across local governments. In 1998 the unit cost varied from Norwegian kroner (NOK) 500 to 10 000.
Around half of the local governments have a unit cost between NOK 2 000 and 4 000. There is a positive correlation between the unit cost and the user charge, and the user charge varies from NOK 120 to 20 000. In roughly half of the local governments a standard user is charged between NOK 1 500 and 3 000. The share of costs covered by user charges varies from 5% to more than 400%. In 1998 the user charge exceeded the unit cost in 25% of the local governments in the sample.
Although it a principal rule that user charges can not exceed total production costs, the share of costs covered may exceed 100% in a single year as long as user charges do not exceed total production costs over a period of 3-5 years. However, more than 25% of the 224 local governments with reliable data for all years had an average degree of user charge financing above 100% for the six-year period. In 14 local governments user charges exceeded costs each and every year. These figures suggest that local governments, at least to some extent, are able to circumvent the national regulation.
Modeling the relationships between user charges and costs
We address the determination of costs and prices when a political institution is responsible for service provision delegated to a bureau. This is the standard design of government service production across the world. The political side consists of a local council elected to arrange financing and production of local services. User fees are determined at the local government level. The service production investigated is decentralized to a lower-level agency, which is given a budget by the local government. The bureau is assumed to have an information advantage and to enjoy budgetary slack. The costs financed by the local government are determined in a budget process involving the agency. The working of the local government and the relationship to the agency form the outcomes of this game. 3 The trends in Table 1 are not driven by the fact that the number of local governments with reliable data varies somewhat from year to year. If we instead use a balanced panel data set, the same pattern emerges.
User charges and agencies have been addressed in previous analyses of local government financing, notably Inman (1989) . In his model, however, the agency charges the consumers and has preferences over its own supply and fee level, while agency costs are exogenous. We study a situation where the agency costs are endogenously determined under asymmetric information and the local government sets the fee level taking the cost-determination into account. This leads to a model of bureaucratic interaction in the post-Niskanen tradition as developed by Migue and Belanger (1974) , Miller and Moe (1983) and Moene (1986) .
The conventional way of analyzing local government decision-making is a demand model of local public services. Individual inhabitants of a community demand public services dependent of private income and tax-prices of the services. The individual demands enter a political process whereby the local council makes a collective decision about financing and provision. The median voter model is the most common representation of the political process; see the surveys by Inman (1979) and Rubinfeld (1987) . Borge (1995 Borge ( , 2000 has analyzed user charges in a demand model. Control of administrative costs related to service demand has been analyzed by Kalseth and Rattsø (1998) . The demand framework is extended below to capture the interaction with an agency.
The key decision concerns a local service produced by a bureau. Here this local utility service is private in character and is distributed to households in the community for a user charge. It follows that the use of the individual service can be restricted to paying customers. Services subject to user charges, typically related to infrastructure, compete with welfare services within the local government budget. The local government sets the priority between the utility service and the welfare service and applies the user charge to regulate the financing on the margin. To concentrate on costs and charges for the utility with production delegated to a bureau, we assume that user charge is the key instrument of financing and that other taxes are regulated. This formulation captures the centralized financing in Norway (see Section 2), but may be realistic under the widespread use of tax limits in other countries.
The decision making at the local government level is described by a representative voter model where three types of services are separated out; an all-purpose private good (q), utility services (x) and other local public services (w, hereafter denoted welfare services). The preference of the representative voter is given by the utility function
which is assumed to have the regular properties, i.e. strictly quasi-concave with positive marginal utilities. The preferences are conditioned on the size of the client groups of the welfare services (z). We assume that an increase in the size of client groups raises the marginal utility of welfare services.
The resources available to the local government are grants and regulated taxes (r, hereafter denoted exogenous local government revenue) and user charge revenue (fx, where f is the user charge per unit). The production of the utility is delegated to a bureau, and the bureau asks a unit cost c. The true costs are unknown to the local government and it must act according to the reported and therefore actual costs. When the unit cost of welfare services is normalized to unity, the local government budget constraint reads:
We assume that the consumption of utility services is determined by the local government.
This seems realistic for most utilities where discretion at the household level is limited, see Section 2. This setup implies that the user charge functions as a tax instrument. The consumption of the all-purpose private good is determined by the budget constraint of the representative voter
where y is exogenous private income.
The local government decides the provision of utilities, the user charge and the provision of welfare services so as to maximize the utility function of the representative voter subject to the private and the local government budget constraints. We have not imposed any restriction on the fee setting, like f c ≤ , since the discussion in Section 2 suggests that local governments are able to circumvent the national regulation. The utility maximization results in the following equations for utility demand and fee setting:
The demand for utilities and the fee level are dependent on the unit cost asked by the bureau, exogenous revenue, private income and the size of the client groups. The indicated signs of the partial effects are derived under the assumption of an additive separable utility function (see Appendix 1). If the bureau reports a higher unit cost, the response of the local government is to reduce the demand for utilities. The effect on the user charge will most likely be positive, but it might be negative if the user charge is lower than the unit cost at the outset. This somewhat surprising result can be explained as follows: Suppose that the user charge is kept unchanged as the provision of utilities decreases. Then, if the user charge is lower than the unit cost, more resources are available for provision of welfare services. If the desired increase in welfare services is less than this 'automatic' increase, it is optimal for the local government to reduce the user charge when the unit cost increases.
Increases in private income or exogenous local government revenue have a positive income effect that increases the provision of utilities, as well as welfare services and private consumption. When local government revenue increases, the user charge must be reduced in order to facilitate an increase in private consumption. On the other hand, higher private income will most likely raise the user charge. A sufficient condition for this result to hold is that user charge is lower than or equal to the unit cost. If the user charge exceeds the unit cost, higher private income might lower the user charge. The intuition goes as follows: If the user charge is kept unchanged as the provision of utilities increases, more resources will be available for provision of welfare services. And if this 'automatic' increase in provision of welfare services is less than the desired increase, the user charge will be reduced. Finally, a demographic shift towards welfare clients will reduce the provision of utilities and drive up the user charge to finance the expansion of welfare services.
The actual cost and the allocation of resources are determined by strategic interaction between the local government and the bureau. We will study two forms of strategic interaction. The first is a Stackelberg game where the bureau acts as leader. The bureau reports a unit cost for the utility service and the local government consequently chooses service level, user fee and grants the bureau a lump-sum budget to cover costs in excess of user fees. The second is a Nash game where the local government has a stronger hand, and where the bureau faces a fixed user fee and fixed lump-sum budget.
In accordance with the conventional formulation as in Moene (1986) , the bureau has preferences for service production (x) and slack per unit (s). Slack per unit is defined as actual or reported cost (c) in excess of minimum cost ( 0 c ):
Both production and slack are assumed to be normal goods in the bureau's utility function.
The bureau has two sources of revenue, user charges as well as a fixed budget to cover costs in excess of user charges. The expression for the fixed budget (l) is given by:
Consider first the Nash game with simultaneous moves where the bureau determines the actual cost treating both f and l as fixed. The bureau's optimization problem is:
The first order condition reads:
It appears that the user charge affects the relative 'price' between slack and output. From the bureau's point of view an increase in the user charge makes slack more costly (in terms of lower production), and this substitution effect leads to lower reported cost. But if the lumpsum grant is fixed, there will also be a positive income effect that works in the opposite direction. 5 In relation to the empirical analysis it is not the partial effect of higher user charge that is of main interest, but rather the combined effect of higher user charge and lower fixed budget. The impact of a revenue neutral combination of higher user charge and lower fixed budget is given by 
The user charge does appear directly in the bureau's optimization problem. It may, however, have an indirect effect through the elasticity of demand ( ε ). A high degree of user charge financing means that increased costs to a large extent are passed over to the consumers with little effect on the bureau's output. Then, a high degree of user charge financing implies that the elasticity of demand is low and that the bureau's cost of slack (in terms of reduced production) is low. Consequently, the model predicts that a high degree of user charge financing leads to higher costs.
The conclusion from the analyses above is that the effect of user charge financing on costs depends on the form of strategic interaction between the bureau and the local government.
The Nash game with simultaneous moves predicts that a high degree of user charge financing leads to lower costs, whereas the prediction from the Stackelberg game is the opposite. The theoretical ambiguity calls for an econometric analysis of the issue.
Data and empirical specification
The empirical analysis of user charges and unit costs of the utility service under study (discharge of sewage) is based on a data set prepared by Statistics Norway. The collection of these data started in 1993, and is described in several reports from Statistics Norway. Different assumptions are made about the community specific terms ( i γ and i η ). We start out by estimating the equations by ordinary least squares where 18 county dummies are included to capture regional effects. Then we check whether the results are robust to the inclusion of random and fixed community specific effects. Finally, we also take account of the simultaneity problem related to the fact that the unit cost is a possible endogenous variable in the user charge equation and that the degree of user charge financing is a possible endogenous variable in the cost equation. The simultaneity problem is handled in two different ways, by using lagged values of the unit cost and the degree of user charge financing when they are entered as explanatory variables, and by using instruments.
Estimation results
The basic estimation results are shown in Table 2 , where the equations are estimated by respectively ordinary least squares, random effects and fixed effects without taking the possible simultaneity problem into account. We comment on the OLS regressions first. The estimated fee equation, or the reaction function of the local government, shows that a cost increase is partly passed over to the consumers. The estimated elasticity is around 0.40 and highly significant. Given that the elasticity is below unity, the share of costs covered by user charges is reduced as costs increases.
Exogenous revenue (grants and regulated taxes) comes out as significant and with the expected negative effect on the user charge. When grants and regulated taxes become more limited, the local governments respond by increasing the user charge. The estimated elasticity is around 0.4. This effect confirms the results of Borge (2000) and is consistent with the widespread view that tax and grant limitations induce a shift towards user charges. Fiscal pressure from high interest payments has a positive and significant impact on the user charge.
An increase in net interest payment that amounts to 10% of exogenous revenue will increase the user charge by nearly 4.5%.
A comprehensive literature has addressed the political response to demographic shift (see e.g.
Borge and Rattsø 1995, Poterba 1997
). An increase in the share of children, youths or elderly was expected to increase the provision of welfare services and thereby the user charge. This prediction receives little support in the data as none of the three variables has a significant impact in the user charge equation.
The share of the population residing in rural areas has a negative effect on the user charge.
Given that costs are directly controlled for, this must be interpreted as a broader effect of structural factors related to the settlement pattern. Population size and private income do not have any significant impact in the user charge equation.
Other studies of fee setting in Norwegian local governments (Borge 1995 (Borge , 2000 have shown that socialist influence and a fragmented local council leads to higher user charges. The negative and significant effect of the Herfindahl-index is consistent with the outcome of the earlier studies, whereas the negative, although not significant, effect of the share of socialists is not.
For the cost equation, or the reaction function of the bureau, the underlying theoretical model basically predicts that increased demand for the utility service provided by the bureau leads to more slack and lower costs, whereas fiscal pressure and lower demand has the opposite effect.
The positive and significant effect of exogenous local government revenue is consistent with this hypothesis. According to the estimated coefficient, a revenue increase of 10% will increase the unit cost by 2%. This implies that exogenous local government revenue has two contradicting effects on the user charge, a negative direct effect through the user charge equation and a positive indirect effect through the cost equation. However, the direct effect dominates, and the total elasticity is -0.34.
The impacts of the other variables capturing demand and fiscal pressure are mixed. The share of elderly is borderline significant with the expected sign. An increase in the share of elderly by 1 %-point is expected to reduce the unit cost by 2%. The two other demographic variables and net interest payment do not have any significant impact on the unit cost.
The population size and the share of population in rural areas were included to capture cost disadvantages in small and sparsely populated communities. A cost disadvantage due to sparse settlement pattern is confirmed, while the population size has no significant impact on costs. The estimated coefficient predicts that an increase in the share of the population living in rural areas by 10 %-points will increase the unit cost by 1.4%.
The share of socialists in the local council comes out with a positive and significant coefficient in the cost equation. An increase in the share of socialists by 10 %-points is predicted to increase the unit cost by 2%. This result is consistent with the study of Kalseth and Rattsø (1998) who find that socialist influence increases administrative costs in
Norwegian local governments. The other political variable, the Herfindahl-index, is insignificant in the cost equation.
The analyses in Section 2 indicated that the impact of user charge financing on costs would depend on the form of strategic interaction between the local government and the bureau. The Nash game with simultaneous moves predicted a negative effect, whereas the prediction from the Stackelberg game (with the bureau as leader) was the opposite. The negative and highly significant coefficient in the basic OLS regression is consistent with the Nash game. User charge financing helps to keep costs low, and the effect also is of economic significance. An increase in the degree of user charge financing by 10 %-points will reduce the unit cost by 7.5%.
In the appendix table A2 we report some sensitivity analysis with the basic OLS regression as benchmark. The first sensitivity analysis is to extend the equations with a dummy variable that equals 1 if the local government levies property tax on residential property. The motivation is that we in a companion paper (Borge and Rattsø 2003) find evidence that residential property tax contributes to lower costs, and the primary interest is to check whether the impact of the degree of user charge financing in the cost equation is robust to the inclusion of the property tax variable. As in Borge and Rattsø (2003) we find that property tax has a significantly negative effect on the unit cost, but the inclusion of the property tax variable does not change the significance and the quantitative effect of the degree of user charge financing.
The property tax dummy also comes out with a negative and significant impact in the user charge equation, which probably reflects that property tax and user charges are alternative means of financing. Taken together, the user charge equation and the cost equation implies that the existence of property tax has two effects on the user charge. A direct effect in the user charge equation and an indirect effect through the cost equation. The total effect of residential property tax is to reduce the user charge by 10%.
The second sensitivity analysis is to exclude extreme observations. As discussed in Section 2,
there is large variation in unit cost and user charge across local governments even when obviously unreliable observations are excluded. To a great extent this large variation reflects that Norwegian local governments are very different in terms of topography and population, varying from rural communities with a few hundred inhabitants to larger cities. In the third panel of Table A2 we excluded the 10% of the observations with the highest and lowest values for unit cost and user charge for each of the six years. It appears that this modification of the sample only has minor effect on the estimates. In particular, the estimate of the unit cost in the user charge equation and the estimate of the degree of user charge financing in the cost equation seem very robust.
The second and third panels of Table 2 report random and fixed effect estimates respectively.
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It appears that the relationships between unit cost and user charge are very robust to the inclusion of community specific effects. The unit cost is still positive and significant in the user charge equation and the degree of user charge financing is significantly negative in the cost equation. The estimates predict that nearly 40% of a cost increase is passed on to consumers in terms of higher user charges (roughly the same as in the OLS regression) and that an increase in the degree of user charge financing by 10 %-points will reduce the unit cost by 6% (somewhat lower than in the OLS regression). indicate that close to 30% of a cost increase is passed on to consumers in terms of higher user charges and that an increase in the degree of user charge financing by 10 %-points will reduce the unit cost by 5%. Finally, we combine instruments and fixed effects. The point of departure is the second panel of Table 3 where one year lags are used as instruments, and the results are shown in the fourth panel of Table 3 . It appears that the quantitative impact of the degree of user charge financing in the cost equation is very robust to inclusion of fixed effects. Although the estimate is less precise than in the other regressions, it is still significant at conventional levels. The elasticity of the user charge with respect to the unit cost becomes insignificant and close to zero.
Concluding remarks
The purpose of the paper was to investigate the relationships between costs and user charges in the sewage industry in Norwegian local governments. The main questions addressed are:
To what extent is a higher unit cost passed on to consumers in terms of a higher user charge?
(ii) Does user charge financing lead to higher or lower unit cost?
Theoretical predictions are derived within a game theoretical model describing the interaction between a political authority and a service-producing bureau. The politicians set the user charge, and their reaction function is derived from a representative voter model. The impact of user charges on costs depends on the form of strategic interaction. In a Nash game where the bureau treats the user charge as fixed, user charge financing leads to lower costs because it makes slack more costly for the bureau. In a Stackelberg game the effect is opposite: A high degree charge financing signals that higher costs to large extent will be passed on to consumers with little effect on the bureaus budget.
The empirical analysis is based on a panel data set for a sample of Norwegian local governments over the years 1993-1998. The estimates indicate that around 40% of a cost increase is passed on to consumers in terms of higher user charge. Moreover, user charge financing has a significant negative effect on the unit cost. An increase in the degree of user charge financing by 10 %-points is predicted to reduce the unit cost by 5-8%. The latter result stands up even when we include fixed effects and take into account that the degree of user charge financing is endogenous. The sum of lump-sum grants from the central government and regulated income and wealth taxes, measured per capita and deflated by a price index for local government purchases and adjusted for minor changes in the functional responsibility, NOK 
